Certain air pollutants impair the mechanisms by which the lung inactivates and eliminates inspired bacteria. Ozone (03) and nitrogen dioxide (NO2) each prolong the presence of cultivable bacteria in the lungs of acutely exposed animals (4). The alveolar macrophage has been implicated as a key factor in the "pulmonary clearance" of inspired bacteria, and 03 and NO2 depress the macrophage's rate of phagocytosis (3, 5).
Certain air pollutants impair the mechanisms by which the lung inactivates and eliminates inspired bacteria. Ozone (03) and nitrogen dioxide (NO2) each prolong the presence of cultivable bacteria in the lungs of acutely exposed animals (4) . The alveolar macrophage has been implicated as a key factor in the "pulmonary clearance" of inspired bacteria, and 03 and NO2 depress the macrophage's rate of phagocytosis (3, 5) .
Bacterial inactivation occurs through other mechanisms in addition to phagocytosis. Bronchial mucus contains specific antibodies and a group of poorly characterized nonspecific bacterostatic and bactericidal substances active against both gram-positive and gram-negative organisms (8) . The most widely known and studied of these substances is lysozyme.
Although the clinical importance of this enzyme is not clearly delineated, it has tuberculostatic activity and is bacteriolytic for a variety of organisms (Q. Myrvik, and E. S. Leake, unpublished data). The spectrum of susceptible microorganisms is concentration-dependent (12). Lysozyme's bactericidal activity is enhanced by low pH, complement, chelating agents, and trypsin (8) . At least one investigator has noted that among bronchitic patients, the activity of lysozyme was less in bronchial mucus than in other body secretions (2).
Lysozyme represents an easily assayed enzyme of possible significance as a factor in the body's defense against infection. This paper describes a reproducible method of extracting and assaying the activity of lysozyme in pulmonary secretions. The technique was applied to mice and rabbits to determine the effect of exposure to oxidant air pollutants on pulmonary lysozyme.
MATERIALS AND METHODS
Lysozyme was assayed by using 10 mg of Micrococcus lysodeikticus per 100 ml in pH 6.1 buffer (0.06 M Na3PO4, 0.9% NaCI) as the substrate. A portion of enzyme (0.3 ml) was added to 3 ml of substrate at 22 C. The change in optical density (OD) was measured on a recording spectrophotometer at 450 nm. The concentration of lysozyme was estimated by comparing the change in OD occurring between 1 and 3 min after mixing to that obtained with standards of 40, 20, 10, 5, and 2.5 ,ug of hen's egg white lysozyme per ml. All specimens to be compared were assayed on the same day, and a standardization curve was included in each day's run.
Barrier-sustained white mice or New Zealand rabbits were exposed to either 03 or NO2 in a stainlesssteel chamber, previously described (7). 03 was generated by passing oxygen through a neon tube silentarc generator. NO2 was obtained from commercially available cylinders. Each pollutant was mixed with filtered room air and delivered to the chamber at a rate to insure one complete air change per minute. Concentrations were monitored by standard wet methods at 30-min intervals (10) .
The effects of pollutant concentration and duration of exposure were studied independently. In one experiment, groups of mice were exposed to various levels of 03 for 3 hr and killed immediately. In a second experiment, mice were exposed to 5 uliters of 03 per liter (5 parts per million) for various durations.
After exposure, the animals were killed with pentobarbitol. Washings were obtained from mice by exposing the trachea and by cannulating it with a blunt 18-gauge needle. Buffered saline solution (1 ml), pH 7.2, warmed to 37 C, was instilled in the lungs via syringe and, after 1 min, was rapidly flushed in and out four times. Washings from two mice were pooled 1562 IN VIVO INACTIVATION OF LYSOZYME BY OZONE and centrifuged at 4 C for 15 min at 10,000 rev/min. The supematant fluid was frozen at -60 C and was stored until assay. Washings were obtained from rabbits with 30 ml of buffer and a large bore cannula. All other procedures were the same. By this method, a reproducible measure of the lysozyme extractable from pulmonary secretions was obtained.
To demonstrate that the release of lysozyme by pulmonary cells was not contributing significantly to the extract's activity, the rate of release of this enzyme from pulmonary cells was studied.
Rabbits were exposed to 10 ,uliters of 04 per liter (10 parts per million) or to ambient air for 3 hr. Cells were obtained by the previously described technique of pulmonary lavage (3) .
The yields from two rabbits were combined, washed three times, and resuspended in tissue culture media (no. 199 in Hanks' solution) to a final concentration of 1 to 10 million cells per ml. Siliconized flasks containing the suspension were incubated at 37 C in a shaker bath. Samples were taken at intervals and were centrifuged at 4 C for 15 min at 10,000 rev/ tained from the lungs of exposed animals had similar release rates to that of the peritoneal heterophiles. Since the normal rabbit lung yields approximately 40 million cells, the total rate of release would be expected to be 40 x 0.615 = 24.6 Mug per hr per lung. Since our washings were only in contact with the cells for 1 min before refrigeration and since the mean lysozyme content was 22.5 ,g/ml in the washing supernatant fluid, it would have taken almost 60 min to achieve this level by cellular release. The lysozyme concentration in the supernatant liquid after 1 min, therefore, reflects primarily the extraction of soluble lysozyme from bronchial mucus and possibly from the alveolar lining.
Exposure of mice to 03 linearly decreased the activity of lysozyme that was extractable (Fig. 1) . After 3 hr at 5 Mliters/liter, activity had decreased approximately 30%. The magnitude of the effect is proportional to the product of the concentration and duration. These findings were confirmed in rabbits (Fig. 2) trend showed that the rate of recovery was linear (P <0.01), with no significant deviations from linearity. Mice exposed to 30 ,uliters of NO2 per liter for 3 hr showed no change in extractable lysozyme activity (Fig. 4) depresses levels of alkaline phosphatase and 5-nucleotidase in homogenates of the lungs of exposed animals (11) .
Unlike PAN and 03, no direct reaction between NO2 and an enzyme has been reported. Both acute and chronic exposures to NO2 increased oxygen consumption and depressed levels of aldolase and lactic dehydrogenase observed in guinea pig lung, liver, kidney, and spleen. We believed that an indirect mechanism was responsible for these widespread enzymatic changes (1). As yet, this mechanism is undefined. As NO2 is inspired, it could react with the water, which saturates alveolar air to form nitrous and nitric acids. Both of these acids, when present in appropriate concentrations, may react with tryptophan. The 
